Identification of a novel protonation pattern for carboxylic acids upon Q(B) photoreduction in Rhodobacter sphaeroides reaction center mutants at Asp-L213 and Glu-L212 sites.
In the reaction center from the photosynthetic purple bacterium Rhodobacter sphaeroides, light energy is rapidly converted to chemical energy through coupled electron-proton transfer to a buried quinone molecule Q(B). Involved in the proton uptake steps are carboxylic acids, which have characteristic infrared vibrations that are observable using light-induced Fourier transform infrared (FTIR) difference spectroscopy. Upon formation, Q(B)(-) induces protonation of Glu-L212, located within 5 A of Q(B), resulting in a IR signal at 1728 cm(-1). However, no other IR signal is observed within the classic absorption range of protonated carboxylic acids (1770-1700 cm(-1)). In particular, no signal for Asp-L213 is found despite its juxtaposition to Q(B) and importance for proton uptake on the second electron-transfer step. In an attempt to uncover the reason behind this lack of signal, the microscopic electrostatic environment in the vicinity of Q(B) was modified by interchanging Asp and Glu at the L213 and L212 positions. The Q(B)(-)/Q(B) FTIR spectrum of the Asp-L212/Glu-L213 swap mutant in the 1770-1700 cm(-1) range shows several distinct new signals, which are sensitive to (1)H/(2)H isotopic exchange, indicating that the reduction of Q(B) results in the change of the protonation state of several carboxylic acids. The new bands at 1752 and 1747 cm(-1) were assigned to an increase of protonation in response to Q(B) reduction of Glu-L213 and Asp-L212, respectively, based on the effect of replacing them with their amine analogues. Since other carboxylic acid signals were observed, it is concluded that the swap mutations at L212 and L213 affect a cluster of carboxylic acids larger than the L212/L213 acid pair. Implications for the native reaction center are discussed.